This paper presents a discussio of moments associated with functions that are the Fourier transform or Fourier series of time domain signals. The reason for considering moments results from a need to understand what happens to the frequency spread of a transmitted signal after it has been reflected from an object undergoing non-uniform motion. The important example of a sinusoidal wave reflected from an object undergoing constant acceleration is considered. It appears that analytic expressions for moments of finite time signals that are given by well-behaved sums are also applicable to this waveform.
INTRODUCTION
A feature common to both radar and sonar is the broadcasting of a time domain signal s(t) that has a simple structure. The signal is scattered from a "target" and the return signal is analyzed for position and velocity information. This information from time domain signals is transformed to the frequency domain to facilitate ease of analysis i l l . This is done by windowing the data over an interval of time, [-T/2, T/21. It is assumed that, if the window is made small enough, the signal has a linear time dependence. In adaptive systems, this is a realistic assumption, but for systems that have preset windows, the signal can have a non-linear functional dependence on the time. This leads to a design mismatch that cannot be completely rectified. It is desirable to find analysis techniques that can determine whether this non-linearity is occurring and convert it to useful information about the scatterer. A technique is discussed that uses the higher order moments in the frequency domain to detect and quantify complex time dependence.
MOMENTS OF FUNCTIONS DEFINED OVER ALL R
For a non-linear scattered signal, the mom nts of the signal can be used to determine additional information about the signal. The nth centroid moment of a variable x is given by [21 where M,(f) is the nth moment of x weighted by the function f(x). In the frequency domain, the interest is in computing the frequency spreads or moments from a known frequency spectrum:
where F(w) is the Fourier transform of f ( * ) , For certain functions defined over the complete time spectrum, it can be shown that (2.3) where In1 indicates the nth derivative of the function. The functions must be members of a class of functions whose derivatives through the nth order, f["(t), f'"(t), * , f'"'(t1, exist almost everywhere, go to zero as I t I -> QO, and the integral of I f'"'(t1 I from -Q ) < t < QO is finite (0 s m sn).
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MOMENTS OF FUNCTIONS DEFINED DEFINED ON THE INTERVAL [-T/2, T/21
For functional representations of physical phenomena, the function f(t) does not necessarily satisfy the conditions listed earlier, particularly for functions considered in this paper, which are windowed over the interval t e [-T/2,T/21. The Fourier transform, instead of being over an infinite interval, is over the windowed region. For this problem, it is assumed that the signal is periodic in time (i.e., f(t+NT) = f(t) for all integer values of N). Thus, f(t) is expanded in a Fourier series and can be written as where a, is given by By choice, the formula for the moments in the frequency domain, with windowing, is defined by where it is assumed that f(O) # 0, U, * 2 m f l r and The need for the choice made above arises in the following manner. Because one obtains a set of Fourier coefficients when expanding f(t) over any interval -T-e s t s T-e (-T < E < TI, there are an infinite number of sets {a,,}, -00 < n < 00, for which 
MOMENTS OF FUNCTIONS SAMPLED IN THE REGION [O,Tl In practice, a sampled time series is used
As a instead of working with an analog signal. (this is called aliasing or frequency foldover), using a term such as
to generate a moment from the finite DFT coefficients is not realistic.
MOMENTS FOR A SAMPLED FUNCTION IN THE REGION [O,Tl
There are two possibilities considered when determining moments for the Fourier coefficients, {a,}, of sampled functions; when the infinite sums defining the moments for the set {a,} exist when they do not. It is possible to use Eq. (3.3) to evaluate the moments for the set {a,} whose moment sums exist. Apparently, this equation can also be used in certain cases to approximate local moments of the set {a,} when the moments sums for all n do not exist.
A case where the set {a,,} does not have converging sums occurs when the wave emitted is a sinusoid. For these waveforms, the signal, f(t), scattered from a boundary undergoing a law of motion r(t) is given as 7. CONCLUSIONS In this paper, formulas for the moments of the Fourier transform or the Fourier series of a function have been reviewed and conditions under which they exist have been discussed. Under certain conditions, it is possible to approximate the local moments of Fourier coeff icents associated with time-limited signals that do not possess moment sums. One such signal is the plane wave as illustrated by comparison of the measured standard deviation to that computed using Eq. (3.3) . Rigorous analysis of this phenomenon is needed to determine when this approximation can be applied. 
